h i g h l i g h t s
Sensorimotor deficits associated with carpal tunnel syndrome (CTS) lead to reduced accuracy and stability in digit force control for precision pinch. Visual force feedback compensates for force production errors associated with CTS. CTS did not affect the structure of force variability or force correlation between digits.
a b s t r a c t
Objective: The purpose of this study was to investigate effects of carpal tunnel syndrome (CTS) on digit force control during a sustained precision pinch. Methods: Eleven CTS individuals and 11 age-and gender-matched healthy volunteers participated in the study. The subjects were instructed to isometrically pinch an instrumented apparatus for 60 s with a stable force output. Visual feedback of force output was provided for the first 30 s but removed for the remaining 30 s. Pinch forces were examined for accuracy, variability, and inter-digit correlation. Results: CTS led to a decrease in force accuracy and an increase in amount of force variability, particularly without visual feedback (p < 0.001). However, CTS did not affect the structure of force variability or force correlation between digits (p > 0.05). The force of the thumb was less accurate and more variable than that of the index finger for both the CTS and healthy groups (p < 0.001). Conclusions: Sensorimotor deficits associated with CTS lead to inaccurate and unstable digit forces during sustained precision pinch. Significance: This study shed light on basic and pathophysiological mechanisms of fine motor control and aids in development of new strategies for diagnosis and evaluation of CTS. Ó 2014 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Carpal tunnel syndrome (CTS) is the most common peripheral entrapment neuropathy caused by chronic compression of the median nerve. The median nerve innervates some intrinsic muscles in the hand and relays sensory information from the palmar aspect of the thumb, the index and middle fingers, and the lateral half of the ring finger. Prolonged compression on the nerve in the carpal tunnel leads to sensory symptoms such as paresthesia (tingling, burning and itching), numbness and pain, as well as motor symptoms such as stiffness, clumsiness and weakness of the hands (Rosenbaum and Ochoa, 2002) . These sensory and motor deficits impair hand functions for manual activities of daily living such as buttoning of clothes, holding a book while reading, and gripping of a telephone handset (Levine et al., 1993) , which require well controlled digit forces. Understanding of the effects of CTS on digit force control extends and complements the existing clinical tools to diagnose and evaluate CTS (Arendt-Nielsen et al., 2004) .
Previous studies on digit force control due to peripheral median neuropathy have resulted in inconsistent findings. In two-digit precision grip performed with the thumb and index finger, CTS patients exerted greater grip force than healthy subjects when holding a tool (Lowe and Freivalds, 1999) . Increased grip force magnitudes were also observed in several simulated peripheral neuropathy studies via mechanical compression of the median nerve at the wrist (Cole et al., 2003) 
